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ABSTRACT
Notaro, James Vincent, M.S., June 1977 Health, Physical Education
and Recreation
The Effects of Diet and Exercise on Blood Lipid Levels in 
Adolescent Males (̂ 2 pp.)
Director: Brian Sharkey/'' v
The purpose of this study was to investigate the effects of diet 
and exercise on lipid concentrations in junior high males. Of 
specific concern were the changes that occur in cholesterol and 
triglyceride levels with either exercise or diet, or a combination 
of both. Sixteen boys participated and were divided into exercise, 
exercise and diet, diet, and control groups. The exercise groups 
used an "aerobic type" training regime and the diet groups were 
placed on a strict cholesterol free diet. Blood samples were 
drawn initially and at the conclusion of the project to determine 
lipid concentrations.
The results of this study showed no significant changes in 
cholesterol or triglyceride levels. There were statistically 
significant changes in aerobic capacity within the exercise 
groups.
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Chapter I 
INTRODUCTION
Coronary heart disease is the greatest killer in the United 
States, claiming more lives than all other diseases. It causes 
almost half of all deaths of men aged l+O through 59* While death from 
this disease occurs more frequently at older ages, signs of its devel­
opment do appear early in life, as evidenced by autopsy studies on 
American men killed in Korea, British pilots killed in air crashes, 
and Chilean men and women dying from automobile accidents (l?)*
There have been many studies which have led to the identifi­
cation of multiple factors which seem to predispose the individuals 
to coronary heart disease (CHD). Fletcher and Cantwell (l6) listed 
the following as more frequently implicated coronary risk factors: 
blood lipid abnormalities, hypertension, cigarette smoking, carbo­
hydrate intolerance, physical activity, obesity, diet, hereditary 
factors, personality and behavior patterns, electrocardiographic 
abnormalities, disorders in blood coagulation, elevation in blood 
uric acid, and pulmonary function abnormalities.
Many of the risk factors are interrelated, such as diet, blood 
lipid abnormalities, and exercise. This study is an attempt to look 
at the relationship of these three risk factors, and the effect each 
has on the others.
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CORONARY HEART DISEASE
The heart is a muscle made up of tissue called the myocardium. 
Because the heart is a muscle, it requires a continuous blood supply. 
This supply does not come directly from blood being pumped through the 
heart, but is delivered through a special set of arteries, the coronary 
arteries, which surround the myocardium. Beginning in early adult 
life, and even before, deposits of fatty substances (cholesterol) are 
made along the inside walls of blood vessels which may increase suffi­
ciently to narrow the vessels, a condition known as atherosclerosis.
If atherosclerosis occurs in coronary arteries, the blood flow to the 
heart may be reduced enough to cause a myocardial infarction or heart 
attack.
A myocardial infarction is a result of a blockage of blood 
flow to a part of the myocardium. In some cases a blood clot or 
thrombus may block an artery already narrowed by atherosclerosis, and 
this abnormality is called a coronary thrombosis. Narrowing or block­
age of coronary arteries is generally termed coronary heart disease 
(CHD).
Blood Lipids
Elevated lipoprotein levels seem to predispose individuals to 
coronary disease in later life. Chemically, cholesterol is an organic 
substance belonging to a group of crystalline or solid alcohols known 
as sterols (̂ ). Cholesterol does not contain fatty acids, but its 
sterol nucleus is synthesized from degenerative products of fatty 
acids and has many of the physical and chemical properties of other
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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lipids (5). Because most cholesterol in the body is associated with 
fatty acids or lipoproteins, either in the blood plasma or in body 
tissue, it is often considered a member of the fat or the lipid family. 
Cholesterol is found in animal fats, brain tissue, milk, egg yolk, the 
medullated sheathes of nerve fibers, and in the liver. The liver is 
the principal site in internal synthesis, and although considerable 
amounts of cholesterol are produced in the intestines, the liver is 
the primary source and regulator of plasma and body cholesterol.
According to Alfin-Slater (l), over 95 percent of all lipids 
in the postabsorptive state in plasma are in the form of lipoproteins. 
These lipoproteins are mixtures of cholesterol, triglycerides, phospho­
lipids, and proteins. The total concentration of lipoproteins in 
plasma averages about 700 mg percent which can be broken down into the 
following average amounts of the individual constituents, given in 
mg/lOO ml of plasma mg%: cholesterol l80, triglycerides 160, phospho­
lipids 160, and lipoprotein 200. (Others consider normal triglycerides 
to range from 50-l50.) The normal ranges of three major serum lipid 
fractions are found in Figure 1.
Ford and Stare (38) believe that the risk factors for athero­
sclerosis start to develop early in life, certainly during adolescence. 
Using students from the Las Vegas Public Schools, Feld (l5) found that 
25 percent of the children sampled from the seventh and eighth grades 
had elevated cholesterol and triglyceride levels. Glueck (I8) points 
out that the average plasma cholesterol level in American children 
ranges from 50 to 100 mg/lOO ml higher than levels of children in less 
developed countries.
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Figure 1
Normal Ranges of Three Major Serum Lipid Fractions (25)
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One indicator of the future presence of atherosclerosis may be 
fatty streaks on the inner walls of blood vessels. Evidence gathered 
in autopsy studies (I7) indicate the presence of these fatty streaks 
as well as atherosclerotic pathology in the arteries of young Americans 
dying in recent wars. There is disagreement as to the progression of 
the fatty streak, to the fibrous plaque, and finally to the mature 
calcified atherosclerotic lesion. Animal studies suggest (18) that the 
pathologic lesion reaches an irreversible state at sometime in the 
development and, therefore, one should attempt to reverse the athero­
sclerotic lesions relatively early in their development. This would 
indicate a need for a preventive program to curb the incidence of 
hyperlipidemia in early stages of life. The question then arises as 
to the methods by which high blood lipids can be controlled.
There seems to be three schools of thought with regard to con­
trolling hyperlipidemia, namely exercise, diet, and drugs. These are 
the three areas in which most experimentation has been done. In 
relation to diet, Ford and Stare (38) modified the diets of $00 boys 
(13 to 16 years) by cutting down the intake of saturated fats, and 
increasing polyunsaturated fatty acids. This effectively lowered 
cholesterol and triglyceride levels in those who participated. Many 
studies have been conducted to find the relationship between exercise 
and reduction of cholesterol. The majority of these studies have been 
done with animals, college students, or middle-aged men. Very few 
studies have used adolescents.
Gollnick (20) presented evidence from his studies with rats 
that chronic exposure of exercise reduced the concentration of choles­
terol in the liver. He stated that the hypocholestermic effect of
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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exercise on the liver is dependent upon the intensity of the effort.
He further stated that the training program must he vigorous in order 
to he effective.
In a recent study of middle-aged joggers Wood et al. (1+6) found 
significantly lower plasma low-density lipoprotein (LDL) and signifi­
cantly higher high-density lipoprotein (HDL) levels in the l^-mile-a- 
week joggers. Triglyceride levels in these men were •significantly 
lower when compared to the control group. Wood suggestedthat an in­
crease in the HDL/LDL cholesterol ratio may have a cardio-protective 
effect (ij.6). Many researchers feel there is a relationship between 
long duration aerobic exercise and reduction of lipoprotein levels (lO).
THE PROBLEM
The problem of this investigation was to study the effects of 
exercise and diet on serum cholesterol and triglyceride levels in 
junior high male students. Of specific concern were the changes that 
occur in blood lipids with either exercise or diet, or a combination 
of both. As a sidelight the study served to screen individuals for 
high blood lipids and to raise public awareness of the factors asso­
ciated with CHD.
LIMITATIONS OF THE STUDY
The number of subjects was limited to sixteen male volunteers 
from the seventh and eighth grade classes of Ekalaka Elementary School, 
Ekalaka, Montana. Because of the small number of subjects, each of 
the four study groups contained only four individuals. As the groups 
were small and subjects were not randomly selected, the results of
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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this investigation may relate to only these subjects and not to the 
general population.
Several extraneous variables could have affected the results of 
this study, such as incomplete control over diet and exercise.
REVIEW OP LITERATURE
Pew training studies have attempted to reduce serum lipid 
levels in adolescents. The majority of training studies have involved 
animals, college men and women, and middle-aged men. Most adolescent 
studies have been either screening projects to identify early risk 
factors, or research concerning reduction of serum lipids by means of 
diet alone.
There is a growing conviction that the only way to sub­
stantially reduce the toll from atherosclerotic disease is 
to attack its constitutional and environmental precursors 
long before overt symptoms occur (22).
In the attempt to lower the incidence of CHD early identifi­
cation of risk factors is essential (l3, l8, 38, Ifii, Î+9)- Studies 
indicate that American children have higher serum lipid levels when 
compared to other countries (18, 22). Peld (iS) found that 2$ per­
cent of the seventh and eighth graders in one public school system in 
Las Vegas had elevated blood lipid levels. In another study of 8-12 
year old boys, Wilmore and McNamara (i+U) found 20 percent with elevated 
serum cholesterol levels (> 200 mg per 100 ml) and 8 percent with 
elevated triglyceride values (>100 mg per 100 ml).
A significant percentage of adolescent children screened in 
recent studies indicated higher than normal blood lipid levels. The 
reasons for these abnormalities may be multifaceted. Some inter-
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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related factors that have been associated with blood lipid abnormali­
ties are heredity, obesity, inadequate physical activity, hypertension, 
and diet (2, 9» 29, 38, Ul, hh)• In many cases in which elevated serum 
lipid levels are discovered, there is usually not one, but a combina­
tion of risk factors involved.
Diet
Diet plays a leading role in controlling hyperlipidemia (2, 22, 
38, I1.3, Ford and Stare (38) used diet to control and reduce
cholesterol levels in 500 adolescent boys. They modified the intake of 
fats and cholesterol in their 6-month study and found significant drops 
in serum lipid levels.
In a study using middle-aged men (50-59 years) as subjects, 
Singman (36) found significantly reduced serum cholesterol levels in 
those involved in the low cholesterol diets. In the experimental group 
he discovered "radical early reductions in the prevalence of risk fac­
tors— hypercholesterolemia, hypertension, and obesity." Singman (36) 
also notes that the thirteen-year incidence of CHD in his diet group 
was 50.6 percent less than those in his control group.
Another indicator that points to diet as a deterrent to CHD is 
the experimentation done with animals (29). Some experiments have 
shown that with diet the atherosclerotic process could be stopped 
after coronary disease was produced in animals.
When hyperlipidemia is discovered, most physicians recommend 
low fat and low cholesterol diets (2). Caloric intake is then adjusted 
to maintain ideal body weight. A reduction from the usual I4O percent 
to percent of total calories from fat to no more than 35 percent is
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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desirable (36). In the absence of calories from normal fat intake, the 
subject usually makes up those calories by elevated carbohydrate intake. 
Dependence on foods containing complex natural carbohydrates, such as 
potatoes, com, rice, grains and beans is preferable to excessive use 
of refined sugar such as that contained in candy, soft drinks, and other 
sweets (li+). Most physicians and dietitians recommend a dietary ap­
proach for the treatment of hyperlipidemia (l, 22, 33» i+2). The policy 
of the American Heart Association also substantiates the reduced intake 
of cholesterol-rich foods, as is emphasized in much of their literature
(2, 1J+, 26, 49).
Exercise and Cholesterol
Another area that has been extensively investigated as a pos­
sible deterrent to high serum lipid levels is exercise (5» 7» 9» I8,
20, 33)* There seems to be a definite relationship between physically 
active people and reduced incidence of heart disease, Zauner (i+b) 
stated that physically active people generally have lower blood lipid 
levels and a smaller response to dietary fat intake.
Most studies conducted to determine the effect of exercise on 
blood cholesterol have shown some reductions in cholesterol levels (5)* 
The intensity and duration of exercise seems to be related to the 
degree of reduction of serum lipid levels. Gollnick (20) presented 
evidence that the hypocholesteremic effect of exercise on the liver, 
the site of synthesis, oxidation, and excretion of cholesterol, is 
dependent on the intensity of the effort. He further suggested that 
the exercise regime be vigorous in order to be effective.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Studies by both Campbell (?) and Cureton (lO) found that if 
exercise was intense and the duration sufficient, a reduction of 
cholesterol was evident. Cureton (lO) emphasized programs must be at 
least five or six times the resting metabolic rate in order to be 
effective.
Rochelle (33) followed the blood cholesterol levels of six 
experimental and six control adult males during a 3-week training pro­
gram, The training consisted of a 2-mile run for time, 5 days per 
week. An 8-week detraining program followed. During the course of 
intense training, cholesterol levels were reduced, but after J4 weeks, 
cholesterol returned to pre-training levels.
An 11-week training study conducted by Milesis (27), using 
Cureton*s (9) rhythmic endurance exercise program, showed modest but 
not significant changes in blood lipids. Milesis stated that the 
changes in mean cholesterol and triglycerides were as large or larger 
than those reported by Campbell (7)* Dalderup et al. (il), and Roch­
elle (33), but because of the variability of changes in his population 
(men aged 28-31:), the results were insignificant. It is appropriate 
to mention Milesia's training consisted of progressive kilocaloric 
expenditure to the point of 6.3U kcal/kg k days per week during the 
study (about 1:60 kcal for a 70 kg man: equivalent to a ̂ -mlle run).
In an experiment by Olson (32), 31 male faculty members were 
divided into sedentary and exercise groups. The exercise group was 
prescribed a general calisthenics program and swam for recreation one 
hour, three times a week for 3 months. The difference in blood chol­
esterol between the two groups was insignificant.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Golding's (19) longitudinal study at Kent State University re­
ported that during the first 10 years of his study, cholesterol levels 
fluctuated. During the first 3 years, he reported, serum cholesterol 
was reduced. An increase then occurred in the fourth and fifth years. 
Golding noted that national interest was aroused about jogging during 
the seventh year, and lipid levels again were decreased as jogging was 
introduced as part of the exercise regime. Prior to jogging, the mode 
of training was a progressive swimming program. In his comments Gold­
ing recommended regular progressive exercise that involves running or 
swimming or some other activity that will exercise the heart rate (19). 
He concluded that the regime should be at least 30-kS minutes, 3 days 
a week, to be effective,
A few studies suggested an interaction between exercise and a 
high-calorie and saturated-fat diet (l+l). Calvy (6) investigated this 
relationship with Marine recruits. His findings indicated that even 
with a high intake of calories and fat (^$00 calories), cholesterol 
and weight were not increased when high intensity exercise was pre­
scribed. Calvy mentioned that normally, without exercise, such a diet 
would have resulted in increases in both body weight and cholesterol.
All studies have not shown significant drops in cholesterol 
with exercise (32, i+7)* Keys (2i+) compared cholesterol levels of men 
engaged in occupations cl ansi fled an Ijglii,, medium, and lioav.v physical 
activity and found no significance. He slated:
It should be pointed out that worker groups may vary in 
strength and robustness, but the occupations do not put such 
demanding stress on the cardiovascular system as do endurance 
running or swimming (2I+).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Once again, evidence seems to favor endurance or long duration 
activity in reducing cholesterol.
Exercise and Triglycerides
Zohman (kS) included triglycerides in the list of risk factors 
that are reduced hy exercise. Literature points to the fact that tri­
glycerides can he lowered in two ways: weight reduction and exercise.
In most cases associated with decreases in triglycerides, exercise 
seems to have more influence than weight reduction alone. Naughton 
and McCoy (31) found that with no weight loss, the 2k men in their 
exercise group lowered both triglycerides and cholesterol. Skinner
(37) hypothesized that with relatively small changes in serum choles­
terol there is a much greater decrease in triglycerides. Zauner (i+7)» 
Zohman (1+9)» and Hollozy (21 ) were in agreement with the theory that 
aerobic exercise is an effective means to lower triglycerides. All 
(21, 1+7, 1+9) emphasized that exercise should be a relevant factor in 
one’s lifestyle.
Lipoproteins
A relatively new area of investigation in coronary heart disease 
concerns the lipoproteins. Lipoproteins are macromolecules whose phys­
ical and chemical compositions differ, but which serve to transport the 
lipids from the intestine and liver to adipose tissue and other target 
organs (23). These lipoproteins consist of protein, phospholipids, 
triglycerides, and cholesterol in varying concentrations. The four 
major lipoproteins are chylomicrons, very low density lipoprotein 
(VLLL), low density lipoprotein (LDL), and high density lipoprotein 
(HDL). Concentrations of cholesterol are the largest in the LDL.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Some studies suggest that because of the high cholesterol content and 
the smaller particle size, the LDL has a greater atherogenic potential
(38). In a study of male joggers, Wood et al. (i|é) showed significantly 
higher high-density lipoprotein levels and lower serum low-density 
lipoprotein in his l^-mile per week exercise group. The cholesterol 
levels were somewhat reduced while triglycerides were "strikingly 
lower" in the active group. This study indicated that an elevated IIDL 
and a reduced LDL (HDL/LDL ratio) are correlated in decreased risk of 
CHD.
Other studies have been done by Balart, et al. (I4) and Carlson 
(8). Carlson found that the decrease in triglyceride level in his 
study was due to a change in the VLDL portion. He further suggested 
that aerobic exercise affects the different portions of lipoproteins 
in varying degrees, and speculated that this effect is only on one area 
of the molecule.
Most recent studies suggested that the effect of exercise on 
lipid levels can be ascertained by analysis of lipoproteins. The 
plasma lipoprotein profile provides information regarding the athero­
genic potential based on the distribution of cholesterol (Figure 2).
The profile for joggers in the study conducted by Wood resembled that 
typically found in young women. Wood's study indicated that more 
emphasis might be placed on the total blood lipid profile rather than 
merely examining the total cholesterol and triglyceride levels.
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Figure 2
The Approximate Chemical Composition 
of the Major Lipoproteins (3)
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Chapter II
METHODS
SUBJECTS
The subjects for this study were chosen from the seventh and 
eighth grade classes at Ekalaka, Montana Elementary School. The study 
involved sixteen boys ages 13-lU years old. Four groups were chosen 
and four subjects were placed in each of the categories. The cate­
gories were (l) diet, (2) exercise, (3) diet and exercise, and (i|) 
control group. Because the study was conducted during the spring 
track season, consideration was taken in placing track participants 
into the exercise groups.
All subjects, as well as their parents, were given an orienta­
tion as to the purpose and nature of the study, the expected behavior 
of the subjects, the tests that were to be taken, and the necessity 
and value of their cooperation. During this orientation an introduc­
tory handout (Appendix A) and permission slips were distributed. As 
blood samples were to be taken, permission from parents was a neces­
sity (Appendix B).
After the four groups wore chosen, l.he prirent:.! were then ad­
vised as to which group their son was in (Appendix G). In order for 
the study to be successful, the parents and subjects had to cooperate, 
especially those involved in diet groups. The author was pleased with 
the positive response of the parents, school officials, and hospital 
personnel.
15
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The subjects were very willing to participate and were further 
activated by the promise of a high grade in Physical Education and a 
party at the conclusion of the study. The latter was most appealing 
to the diet groups. An additional incentive was available for exercise 
groups since there was a U-niile run at the end of the training period 
and ribbons were awarded to the top finishers. One more benefit from 
this study was that the track participants could enhance their aerobic 
performance.
TESTS
Two tests were used at the onset of this 9-week study. The 
tests involved a 12-hour fasting blood sample to determine initial 
cholesterol and triglyceride levels, and a step test to ascertain 
aerobic capacity. Body weights were also recorded. These same pro­
cedures were followed at the termination of the project (Appendix E).
The blood samples were drawn at a local clinic, centrifuged and 
frozen for transport to the University of Montana Health Service for 
analysis. Cholesterol and triglyceride levels were determined by a 
Hicell 17 Chemistry Machine (Hicell Corporation).
Aerobic capacity was tested by means of a step test based on 
concepts developed by Swedish physiologists and further refined at the 
University of Montana Human Performance Lab (35)- The test involved 
having subjects step up and down on a iS 3/h inch bench for 5 minutes.
A cadence of 90 beats per minute was supplied by a metronome. After 
the subjects had completed 9 minutes of exercise, their pulse was taken 
for an interval of 15 seconds. The post exercise pulse counts and body 
weights were then used with a scoring calculator provided by the U.S.
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Forest Service to determine fitness levels. Fitness levels were then 
adjusted for age. Age, weight, and fitness scores were recorded on 
a data sheet (Appendix E).
EXPERIMENTAL PROCEDURES
The study began March I3, 1975 and extended through May l5, 
1975- All training was done after the school day. Training during 
weekends was unsupervised as many of the subjects were rural students.
Diet Group
The diet group was given a low cholesterol diet (Appendix D). 
Food was specially prepared, at home and school, so as to avoid high 
cholesterol intake. Parents were contacted periodically as to the 
progress of their child's diet. The subjects in the diet group exer­
cised "normally." They did not change their daily routine except with 
respect to diet.
Exercise Group
The subjects that were involved in this group were all track 
participants. Training for the study was a part of their daily track 
workouts. At the onset of the study, particularly the first week, 
workouts consisted of short 1 to 1^ mile jogs. From the second week 
until the termination of the study, workouts gradually increased until 
all subjects were jogging at least U miles daily. The pace varied from 
6 to 8 minutes per mile. The subjects in the exercise group were 
allowed to eat as usual and no restrictions were placed on their diets.
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Exercise and. Diet Group
These subjects had to abstain from certain foods and also had 
an exercise regime. Individuals in this group, like those in the exer­
cise group, were track participants. They had to follow the same diet 
as those in the diet group and exercised with the exercise group. The 
subjects in this group were very dedicated and put forth much effort 
during the study.
Control Group
This group was formed simply as a means of comparison for the 
three other groups. Their task during the study was to eat and exer­
cise "normally." They were not called upon to exercise or diet. The 
only requirements were to take pre and post blood sample analysis and 
fitness tests. It was emphasized to this group that major deviations 
from their daily routine could jeopardize success of the study.
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Chapter III 
MALTSIS AND DISCUSSION OF DATA 
INTRODUCTION
The data obtained from the pre and post test of four groups of 
subjects were organized in a manner that permitted an analysis of 
changes that occurred in the means of each group. A two-by-two fac­
torial analysis of variance was employed to study the differences 
between the study parameters. Table I illustrates the format for 
analysis and the positions each parameter occupied. The formula for 
analysis of variance is found in Appendix F. The 0.05 level was 
selected as the minimum level of confidence for the acceptance of a 
significant difference.
Table I
Two-by-Two Analysis of Variance
Diet No Diet
Exercise Exercise
Exercise and and
Diet No Diet
Diet and No Diet
No no or
Exercise Exercise Exercise
19
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Statistical analysis was limited due to the number of subjects, 
the restrictions placed on the study by methods of selecting subjects, 
and the extraneous variables surrounding each test group. It is ap­
propriate to note that in the case of K.R. (control group) the scores 
were adjusted. The method for this adjustment was an average of the 
rows and columns in which K.R, appeared (26). This adjustment was made 
because the subject deviated from study procedures and final scores 
were not representative of his true group.
The data for the four test groups are presented in suimary 
Tables III, IV, and V.
MALYSIS OP MTA
Triglycerides, Cholesterol, and Weight Change
The results of the analysis of variance for the difference 
among means obtained from pre and post tests are found in Table II. 
These results indicate that there was not a significant change in tri­
glycerides, cholesterol, or weight following the 9-week study period.
Although changes in weight, cholesterol, and triglycerides 
were not significant, changes in fitness (aerobic capacity) among 
groups were statistically significant. Both the exercise and exercise 
and diet groups had significantly better fitness levels at the end of 
the project. This evidence indicates a "training effect" due wholly 
or in part from the exercise used in the study. Fitness changes 
within the two non-training groups (diet and control) were negligible.
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Table II
Analysis of Variance for the Selected Parameters 
from Pre to Post Tests
Parameters
Sources of 
Variance df 8S MS F
Factor A* 1 if h .05
Fitness Factor B* 1 121 121 13.05
Interaction A & B 1 k 1+ .05
Within 12 102 9.27
Factor A 1 36 36 .85
Cholesterol Factor B 1 9 9 .21
Interaction A & B 1 20.25 20.25 .48
Within 12 14614.50 42.23
Factor A 1 256 256 .65
Triglyceride Factor B 1 6if 64 .16
Interaction A & B 1 90.25 90.25 .23
Within 12 4339.50 394.50
*A = Diet 
*B = Exercise
DISCUSSION
Weight Change
Changes in weight among the foiir groups varied from +6 to -5 
pounds. There was one exception and his case study will be discussed 
later in this chapter. The weight loss within the four test groups was 
not significant and, therefore, it was assumed that any changes in 
weight did not affect the other parameters during this project. Both 
Montoye and Golding reported finding a significant correlation between 
changes in body weight and changes in serum cholesterol levels. In
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Table III
Pre and Post Test Results of Triglyceride 
and Cholesterol Levels
Group
Triglycerides
mg/lOOml
Cholesterol
mg/lOOml
Pre Post Pre Post
L.C. 115 118 152 160
Exercise C.G. 130 115 130 130S.P. 200 150 230 228
J.C. i5o 125 138 140Means 1U8.75 127 162.5 164.5
Mean Difference -21.75 +2,.0
B.J. 150 120 158 150
Diet H.H. 150 120 210 210
D.B. 180 150 160 170
D.S. 123 110 150 150
Means 150.75 125.0 169.5 170
Mean Difference -25.75 +0.5
S.M. 120 105 155 155
Exercise P.G. Ih3 130 190 195
and A.W. 11:8 100 160 120
Diet J.G. 170 108 130 130
Means 145.25 110.75 158.75 150.0
Mean Difference -34.5 -8.75
*K.R. 200 130 310 210
No K.S. 130 115 160 155
Exercise K.L. 125 120 120 130
No Diet T.M. 170 125 140 155
Means 156.25 122.5 182.5 162.5
Mean Difference -33.75 -20
*Mean 141.67 120.0 140.0 146.67
(without K.R.)
Mean Difference -21.67 +6.67
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Table IV
First and Second Step Test Results
23
Subject Exercise Pulse Rate Fitness Level 
Per 15 seconds ml 02/kg/min
Body Weight 
lbs.
Pre Post Pre Post Pre Post
Exercise Group
J.C. 31.25 28 53 56 131 136
C.G. 31.25 29.75 53 57 125 123
L.C. 3h 32.25 48 52 110 112
S.P. 31.5 28.5 53 58 142 147
Mean 32 29.6 51.7 55.7
Diet Group
B.J. 40.75 39.5 40 41 163 159
R.H. 38.25 37 43 44 135 133
D.B. 29 30 57 55 115 110
D.S. 29 30.25 57 55 140 146
Mean 34.2 34.1 49.2 48.7
Exercise & Diet
A.W. 32.75 26.25 51 62 150 145
S.M. 32.75 29.25 52 56 131 136
P.G. 31.75 31.75 53 53 110 105
J .G. 36.25 30 46 55 125 127
Mean 32.2 29.1 50.6 56.6 .
Control Group
K.L. 31.25 30 53 54 144 149
K.R. 32 26.5 52 63 89 75
K.S. 29.25 28.75 57 58 85 89
T.M. 26 29 63 57 115 119
Mean 29.6 28.5 56.25 58
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Table V
Summary of Group Mean Differences for Pre and Post Study Results
Mean Pulse 
Rate Change 
(l5 sec)
Mean Fitness Level 
ml 02/kg/min
Weight Change 
(+ “)
Triglyceride
mg/lOOml
Cholesterol 
mg/ 100ml
Exercise Group —2. 1|. +U +3 lbs. -21.75 +2.0
Diet Group —0 • 1 -0.5 -I.2S lbs. -25.75 +0.3
Diet and Exercise 
Group
—14.. 1 +5.9 -0.75 lbs. -31+. 5 -8.75
No Diet and 
No Exercise
-1.1 +1.79 -0.25 lbs. -33.75
-21.67*
-20
+6.67*
* Without K.R.
rofr-
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both studies, as body weight decreased, serum cholesterol levels also 
decreased (19, 28).
Cholesterol
There were no significant changes in cholesterol levels. Al­
though changes in cholesterol were not significant, two interesting 
cases were evident during this study. In both cases the subjects had 
extreme changes in serum cholesterol. These large deviations occurred 
in K.R. and A.M. K.R. had a decrease of 100 mg percent and A.W. dropped 
i|0 mg percent. The amount of change in all other subjects' serum cho­
lesterol varied from a reduction of 2 mg percent to an increase of 15 
mg percent (Table III). The case studies of K.R. and A.M. will be 
reported later in this chapter.
Triglycerides
While changes in triglycerides among groups were not significant, 
there were changes in triglyceride levels. The greatest decreases 
occurred in the exercise and diet group. The mean difference of the 
exercise and diet group was -3i+«5 mg percent, as compared to the diet 
group with a mean difference of -25*75 mg percent, the exercise group 
at -21.75 mg percent, and finally the control group (no exercise and no 
diet) at -21.67 mg percent.
Fitness
Aerobic fitness increased significantly in both exercise groups. 
The exercise group had a mean change of +1| (ml 02/kg/min) and the exer­
cise and diet group had a mean difference of +5*9 (Table IV). The 
diet and control groups had mean differences of -.5 (ml 02/kg/min) and
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+1.75» respectively. Again it is appropriate to note that A.W, and 
K.R. had extreme changes in fitness levels. K.R.'s pretest level was 
52 (ml 02/kg/min). This increased to 63 (ml 02/kg/min). In the case 
of A.W,, a similar increase was noted— ^1 to 62 (ml 02/kg/min). (See 
case studies later in chapter.)
SUMMARY
The results of this study point to some interesting facts con­
cerning the relationships of exercise and diet to serum lipids.
In all test groups triglycerides were moderately reduced. The 
greatest reduction occurred in the exercise and diet group (-34*5 mg 
percent), and the least in the control gïoup (-21.67 mg percent).
Two subjects within the control group had excessively high 
initial triglyceride levels, T.M. at I70 mg percent, and K.R. at 200 
mg percent. Researchers consider serum triglycerides greater than 100 
mg percent in adolescents a coronary risk factor (22). Upon completion 
of the study, T.M. and K.R. had sharp decreases in triglycerides (Table 
III). The cause for this reduction cannot be clearly defined, but in 
the instance of K.R., a case study will follow.
It should be noted that the mean triglyceride level of the 
combined groups was 1^0 mg percent at the onset of the study. This 
extremely high concentration decreased to 121.31 mg percent; however, 
the reduction proved to be statistically insignificant in all groups. 
Parents were advised about their sons' elevated post triglyceride 
levels as a possible risk factor in CED.
In regard to cholesterol the average for all subjects was I86 
mg percent. This compares favorably with screening studies done by
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Feld (15) and Kannel (22) and is within the "normal" range. The 
change in cholesterol levels was minimal and again not statistically 
significant. The exercise and diet group was the only group to have a 
reduction, while the diet, exercise, and control groups had nominal 
increases.
Investigators have used successfully both exercise and diet to 
reduce serum cholesterol (20, 38). These two parameters were employed 
in this study with minimal effect. This would indicate to the investi­
gator that the duration and intensity of the study was not sufficient 
to provide change.
A possible outcome of this study that cannot be measured sta­
tistically is the heightened awareness of the public to the factors 
relating to CED. Community response was positive toward all aspects of 
this study. The response to this research by the Montana Heart Associ­
ation was also favorable as evidenced by their contribution of funds. 
Credit must be given to the local community, physicians, and Montana 
Heart Association for their support of this project.
CASE STUDY K.R.
The highest pretest cholesterol and triglyceride levels, 310 
mg percent and 200 mg percent, respectively, were recorded by subject 
K.R. Drash (I3) has suggested 200 mg per 100 ml as the upper limit of 
normal for cholesterol values in boys this age (l2 to lii years old).
In a study with teens in Las Vegas Public Schools, Feld (iS) considers 
serum triglyceride "abnormal" if above 100 mg percent.
In the case of K.R. these extremely high lipid levels may have 
been caused wholly or in part by glomerulonephritis, an inflammatory
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disease of the kidney in which changes occur in the albumin of the 
blood (l|.0). As the blood chemistry was altered, an invalid lipid level 
may have been recorded initially. When this condition cleared it is 
possible that the blood lipid levels then returned to near normal. The 
renal disorder was not brought to the attention of the investigator 
until completion of the study.
Another possible cause for the large reduction in lipid levels 
may have been due to the fact that lipid results were posted while the 
study was still in progress. This oversight by the investigator could 
have caused K.R. to deviate from "control group" procedures, since he 
was aware of his elevated lipid levels. The significant change in 
aerobic capacity, post exercise pulse rate, and body weight (Table IY) 
might serve as evidence of this possibility.
CASE STUDY A.W.
Another subject worthy of mention was A.W. within the exercise 
and diet group. He was a track participant and took the study and pre­
scription of exercise very seriously. A.W. ran seven days a week, 
running as much as 12 miles a day. Most researchers are in agreement 
that "vigorous and dynamic type activities" are needed to reduce cho­
lesterol levels (7). Cureton states, "... that exercise is more 
likely to reduce cholesterol if the work is of enough intensity and 
duration" (lO). A.W.'s enthusiasm and rigorous workouts during this 
study seem to fulfill Campbell's and Cureton's criteria for his sig^ 
nificant reduction in cholesterol (Table III).
Another factor that may have contributed to the reduction of 
lipid levels was A.W.'s diet. Since the subject was in the diet and
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exercise group the cause for decrease in lipids, therefore, may have 
heen multifaceted. In a study conducted by Ford and Stare (38), it 
was found that with a modified low cholesterol diet they were able to 
lower the levels of cholesterol in their subjects. Singman (36), and 
Moriyama (29) also found similar results in their studies.
Triglycerides were also reduced considerably in this subject. 
Zauner reports evidence that improvement in physical conditioning 
through training is accompanied by reduced blood lipid levels, and 
that triglycerides are particularly sensitive to training (U?)* This 
leads the investigator to presume A.W.'s increased aerobic capacity 
with minimal weight loss (-5 lbs.), may substantiate the decrease in 
his triglyceride levels.
The author assumes that A.W.'s high degree of enthusiasm and 
desire to excel, strict adherence to diet, training beyond requirements 
of the study, and no appreciable weight loss are reasonable justifica­
tion for this subject's reduction in lipid levels and increase in 
"fitness."
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Chapter IV 
SUMMARY, CONCLUSION, AND RECOMMENDATIONS 
SUMMARY
The purpose of this study was to investigate the effects of 
exercise and diet on serum cholesterol and triglycerides in adolescent 
males. The study involved four study groups: diet, exercise, exercise
and diet, and a control group that neither exercised nor dieted.
Sixteen male students, aged 12-lU years, were selected from 
the seventh and eighth grade classes of EkalaJca Elementary School, 
EkalaJca, Montana. Four subjects were placed into each of the four 
study groups. Consideration was taken to place track participants in 
one of the two exercise groups. An orientation meeting was arranged 
with parents and subjects to explain the parameters of the study. It 
was hoped that the parents might assist in the supervision of the diet 
portion of the project. Parents were also informed of the necessity 
of blood tests for the student participants, and their permission was 
obtained.
At the onset of the study, blood tests for cholesterol and 
triglycerides were taken. A step test to determine aerobic capacity 
was administered and each participant was weighed. The subjects on the 
low cholesterol diet were given guidelines as to the foods they were to 
avoid. A diet sheet was given to both the participant and parent.
30
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Jogging was the main mode of training for the exercise groups. 
The exercise groups trained five to six times a week, and at the end 
of the project all were averaging 20 miles per week. The dieting 
groups followed a strict cholesterol-free diet. Obviously, the con­
trol group ate as normal and had no set exercise regime.
The four groups were compared to ascertain if any significant 
changes had occurred within the groups as well as between groups. Be­
cause the analysis proved to be insignificant between and within groups, 
no further comparisons were made.
Although most results were insignificant, there were some note­
worthy outcomes. The training groups had a significant increase in 
aerobic capacity, and not to be overlooked was the role the study 
played in heightening the awareness of coronary heart disease risk 
factors within the school and the community.
CONCLUSIONS
The results of this study indicate the following conclusions;
A. Nine weeks of training produced significant increases in 
predicted maximum oxygen uptake and reduced the exercise 
heart rate.
B. A nine-week program of moderate training had no statistic­
ally significant effect on cholesterol and triglycerides.
C. A low cholesterol diet had no positive effect in the 
reduction of cholesterol and triglycerides.
B. Dietary factors were not completely controlled.
E. The effect of a combination of exercise and diet on lipid 
levels was not ascertained.
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RECOMMENDATIONS
Based on the results of this study, the following recommenda­
tions for further study are proposed.
Lipoproteins should be analyzed using ultracentrifugation so 
quantitative results can be obtained (HDL/LBL cholesterol ratio).
The diet in future studies must be strictly controlled. 
Training should also be rigidly controlled and should be of 
long-duration, aerobic type activities.
The training period should be several months in duration.
The number of participants in training groups should be as 
large as possible, as dropouts should be expected,
A physical examination should be required to discern any 
physiological abnormalities which may affect the results of the inves­
tigation.
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Dear Parents,
Cardiovascular disease is the leading killer in our countiy today. 
More people die of heart attacks than all other diseases combined. Much 
research has gone into both finding the causes and prevention of this 
dreaded killer.
One of the important discoveries that has been brought to light 
in recent years is the fact that a predisposition to heart diseases may 
start developing at a very early age.
As a physical educator I am concerned with the idea that exercise 
and proper diet can curb the incidence of heart disease. One of the 
several risk factors that can lead to a coronary attack in later years 
is an elevated cholesterol level. I’m concerned with the premise that 
through exercise and diet we can keep the cholesterol of our youth at 
lower levels. If it is possible to lower the cholesterol level through­
out life we can eliminate it as a risk factor. It is my belief that
this can be done through exercise and diet.
At the present time I am researching the effects of exercise and 
diet on reducing cholesterol levels. There has been little study done 
in this area with grade school participants. I would like to utilize 
approximately 20 students from the grade school (yth and 8th grades) to 
participate in this study. The duration of the study will be nine weeks. 
It will involve separating the 16 students into four groups of four 
pupils each. The groups will be classified in the following manner:
1. Students are on an exercise schedule only.
2. Students do not exercise but are on low 
cholesterol diets.
3. Students exercise and are on low cholesterol diets. 
Students ̂  not exercise or diet (Control group).
A fitness test will be given both at the beginning and the end 
of the study. In order to find out if there is a significant change in 
cholesterol levels blood samples must be taken both before and after the 
testing period. A comparative study will then be run between the four 
groups. These results will then be made available to students and par­
ents. The blood samples will be taken at the clinic and dates are to be 
arranged.
Since there will only be l6 students involved in this study, each
will be selected randomly from both 7th and 8th grade classes. If you
have any objections or questions about this study please contact me. If 
you do not object to your child participating in this project please sign 
the sheet attached to this form and return to me during this week.
I appreciate your cooperation and would welcome any further dis­
cussion about the project.
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PROJECT PARENT PERMISSION SLIP
I have read the letter of explanation and will allow my child,
(_______   ) to participate in the
physical education project. I am aware of the fact that hlood samples 
must be taken both before and after the study. I also realize that 
because the number of participants may be small, though I give permis­
sion, it is possible that my child may not be selected for the study.
Signed
Date
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Dear Parents,
Your child has been selected to participate in the "DIET" 
portion of the cholesterol study I am conducting. Attached to this 
sheet is a list of foods that should be avoided during a ’’Low Choles­
terol Diet." The word "DIET" in this study is actually a misnomer.
The diet actually is not in any way associated with losing weight.
The main purpose of this diet is to avoid certain foods that contain 
high levels of cholesterol. I hope this project will cause you a 
minimal amount of inconvenience.
The diet on the following page will explain the foods that 
contain high levels of cholesterol and substitutions that can be made 
for those foods. Foods to be avoided as you can see are egg yolks, 
foods cooked in lard, organ meats such as liver, butter, and fat meats 
such as bacon and pork sausage.
The duration of this study is nine weeks. If you have any 
questions relating to this study or the participation of your child, 
please feel free to call me. Thank you for your time and trouble.
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LOW CHOLESTEROL DIET
FOODS TO BE EATEN FOODS TO BE AVOIDED
FRUITS
Fruit juices. Any fresh, frozen, 
cooked, or canned fruit.
Any kind with 2% milk.
CEREALS
MEATS, POULTRY, FISH, EGGS AND CHEESE
Lean broiled, roasted or boiled beef, 
veal, lamb, turkey, chicken, or fish, 
except shrimp or oysters. Liquid 
shortening. Margarine if not hydro­
genated.
All pork, mutton, duck, 
sweetbreads, kidneys and 
liver. Shrimp, oysters.
Eggs and food prepared with 
egg. All cheese. Animal 
fats, lard and butter.
VEGETABLES
Fresh or frozen vegetables, either raw, 
cooked or in a salad. Potatoes.
BREADS
Any bread not made with egg yolk, dried 
egg, lard, butter or cream. Any enriched 
white bread is fine.
All breads containing egg 
yolk, dried egg, lard, 
butter or cream-
BEVERAGES
Skim milk, tea, coffee, pop, 
decaffeinated coffee. (2% milk OK)
DESSERTS
Whole milk, cream, malted 
milk and eggnog.
Fresh or cooked fruits, Jello. 
Sherberts or puddings made without 
egg yolk or cream. Plain cakes and 
fruit pies made with egg white and 
liquid shortening.
MISCELLANEOUS
Rice, macaroni, spaghetti, nuts, 
french dressing and syrups.
Ice cream. Cakes, pies, 
desserts and puddings made 
with egg yolk, animal fats, 
dried egg, cream, butter 
or lard.
Noodles, gravies and mayon­
naise. Nothing fried, no 
cream, no butter, no animal 
fats.
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EECOED SHEET EGR STEP TEST, WEIGHTS, AHD AGE
Student Age Exercise Pulse Rate 'Body Weight Fitness Level
1. L. Carroll
2. J. Gentry
3. c. Gross
h. R.' Hedges
5. B. Justice
6. P. Gundlach
7. D. Eonsell
8. K. Schumacher
9. K. Larson
10. A. White
11. D. Steic
12. S. Peabody
13. T. Markuson
lif. S. Markuson
15. J. Cline
16. K. Rehbein
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COMPUTATIONAL POEMTILAS FOR SUMS OF SQUARES 
IN THE TWO-FACTOR ANOVA WITH EQUAL n‘s
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GROUP ASSIGNMENTS
NAME GROUP
CARROLL........................................... EXERCISE
GROSS............................................. EXERCISE
PEABODY........................................... EXERCISE
CLINE............................................. EXERCISE
JUSTICE........................................... DIET
H E D G E S ............................................DIET
BONSELL............................................DIET
STIEG............................................. DIET
MARKUSON, S .......................................... EXERCISE & DIET
GUNDLACH EXERCISE & DIET
WHITE................................................EXERCISE & DIET
G E N T R Y  EXERCISE & DIET
REHBEIN ............................................ CONTROL
SCHUMACHER........................................CONTROL
LARSON  ..........................................CONTROL
MARKUSON, T ........................................CONTROL
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